A hydrodynamic model coupled with an empirical erosion rate relationship is used to evaluate proposed restoration alternatives to mitigate erosion in an estuary. Because of land-use changes over the last 150 years, particularly the creation of a jettied harbor at the estuary's mouth, the estuary is rapidly eroding along its main channel and also losing vegetated marshplain habitat. In addition to the baseline option of taking no action, three restoration alternatives have been proposed to mitigate erosion in the estuary by reducing tidal exchange. To evaluate the impact of these alternatives on tidal flow, the estuary was modeled with a depth-averaged hydrodynamic model to provide water level, velocity, and bed shear stress predictions. The modeled bed shear stress also served as the independent variable for an empirical erosion rate relationship based on bathymetric surveys of the main channel. The hydrodynamic model and erosion rate relationship are combined to predict morphologic change after ten years for each restoration alternative.
INTRODUCTION
Elkhorn Slough is an estuary experiencing ongoing erosion of its main channel and degradation of the marshplain habitat. Land-use practices, particularly the creation of a jettied harbor at the Slough's mouth in 1947 (Philip Williams & Associates, 1992) , are largely responsible for this erosion. This loss of sediment from the Slough's channels and bordering marshplain threatens habitats of diverse populations of flora and fauna. In an attempt to mitigate this erosion and loss of habitat, several restoration alternatives have been proposed. This study combines a hydrodynamic model and empirical erosion rate relationship to develop a hybrid approach for predicting morphologic change to the Slough. This methodology is used to evaluate the likely hydrodynamic and morphologic response of four proposed restoration alternatives.
Elkhorn Slough, located in Central Monterey Bay, California, consists of a sub-tidal embayment approximately 10-km long with adjacent intertidal mudflats and marshplain ( Figure 1 ). This bathymetry provides a diverse mosaic of habitats that support over 780 aquatic bird, marine invertebrate, marine mammal and fish species (Elkhorn Slough Tidal Wetland Project Team 2007) . Following the construction of Moss Landing Harbor in 1947, which included dredging a new ocean inlet to replace the previous shoaling tidal inlet, extensive tidal erosion was observed along Elkhorn Slough. The rates of tidal scour were first quantified in the late 1980s and early 1990s (Oliver and others 1988; Philip Williams & Associates 1992) and have been the subject of several additional studies (ABA Consultants 1989; Dean 2003; Sampey 2006; Van Dyke and Wasson 2005) . Tidal erosion along the slough channel has been mainly attributed to construction of the Moss Landing Harbor that allowed full tidal circulation and a dredged estuarine mouth. Other possible factors contributing to the problem include intentional and unintentional levee breaching, subsidence of marsh areas, decreases in sediment supply, accelerating sea level rise, and changes to biological processes.
Substantial land use changes since the mid 19 th century have affected the morphology and tidal habitats of Elkhorn Slough (Van Dyke and Wasson 2005) . These land use changes include agricultural practices, railroad construction, diking and draining of tidal wetlands, and diversion of rivers. These activities altered the Slough and its natural wetland habitats, making them less resilient to subsequent change. The subsequent change that caused rapid erosion of the Slough and interior marsh loss was the construction of the Moss Landing Harbor in 1947. The construction of this harbor created a new Slough opening at the mouth of Monterey Bay's submarine canyon. This new opening introduced full tidal circulation to areas historically subjected to muted tidal exchange, initiating tidally-induced erosion in the Slough. Several researchers have studied the deepening and widening of the main channel and the loss of interior marsh vegetation (Dean 2003; Malzone and Kvitek 1994; Oliver and others 1988; Philip Williams & Associates 1992) . Oliver et al. (1988) were the first to collect post-1947 bathymetric data in Elkhorn Slough documenting that since the opening of the Moss Landing Harbor in 1947, increased tidal currents had substantially eroded the main channel of Elkhorn Slough. Harbor construction was confirmed to be the major cause of the observed changes to slough width and depth (Philip Williams & Associates 1992) . Additionally, unintentional levee breaching at the mouth of Parsons Slough during the winter storms of 1982-1983 and intentional restoration actions at South Marsh in 1983 were also determined to be substantial contributors to tidal erosion along the Slough since these changes increased tidal prism in Elkhorn Slough by approximately one-third.
Measurements of tidal currents along the main channel of Elkhorn Slough over the past 30 years confirm that currents are sufficiently strong to scour sediment from the slough channel. Intermittent tidal current measurements collected near the Slough's mouth reveal that peak velocities have increased from approximately 0.75 to 1.20 m/s over the past 30 years and are consistently ebb-dominated (Broenkow and Breaker 2005; Monismith and others 2005) . Analysis of the critical shear stress of sediment cores collected near Seal Bend and Kirby Park suggest that velocities of this magnitude are sufficiently strong to mobilize channel sediments, which were computed to have critical erosion velocities of 0.25 to 0.45 m/s (Sea Engineering Incorporated 2006) . Van Dyke and Wasson (2005) quantified the rates and spatial patterns of vegetation loss on the marshplain. Overall, more than half of the historic vegetated tidal marshes have been lost between 1931 and 2003. Although long-term tidal monitoring is not available to quantify changes to the duration that the marsh is inundated by high tides, it is hypothesized that increased tidal inundation which accompanies the increased tidal prism associated with tidal erosion, is likely the major mechanism of marsh loss and pond formation (Elkhorn Slough Science Team 2007) .
This study couples hydrodynamic modeling with a methodology for predicting morphologic change to evaluate the likely response of Elkhorn Slough to the four proposed restoration alternatives. All four restoration alternatives are evaluated immediately after implementation (Year 0), and at 10 years after project implementation (Year 10). Year 10 corresponds to the estimated timescale at which the proposed restoration alternatives are expected to exhibit clear differences in morphologic response.
DESCRIPTIONS OF PROPOSED RESTORATION ALTERNATIVES
The proposed restoration alternatives have been developed through a process of stakeholder involvement (Elkhorn Slough Tidal Wetland Project Team 2007) . Besides the baseline No Action alternative, the three other alternatives would reduce tidal erosion by reducing the tidal prism exchanged between the ocean and the Slough. For this study, the proposed alternatives, described briefly below, were morphologically defined for inclusion in the hydrodynamic model. For a more complete description of the alternatives and their implementation in the model, see Philip Williams & Associates (2007) .
1.1.1 Alternative 1: No Action Alternative 1 represents the No Action Alternative, which assumes that no intervention is taken to modify the current physical configuration of the Slough (Figure 1 ). Hydrodynamic modeling results and projections of future morphology for this alternative provide a benchmark for evaluating the effectiveness of the proposed action alternatives. (Figure 2) . A barrier with a uniform crest elevation of 1.4 m (4.6 ft) below MLLW, representing a balance between blocking tidal flow while allowing small boat navigation at low tide, was modeled for this study.
Alternative 4: Restoration of Parsons Slough
Unlike the other proposed restoration alternatives described above, Alternative 4 does not modify the Slough's mouth to reduce tidal prism. Instead, Alternative 4 would reduce the erosion potential in the main slough channel by reducing the tidal prism from the tributary Parsons Slough and South Marsh (Figure 2 ). This reduction may be implemented as a water control structure and/or sediment fill. Due to their planform area and subsided bed elevations, Parsons Slough and South Marsh currently contribute 30% of Elkhorn Slough's total tidal prism (Broenkow and Breaker 2005) . The restoration is assumed to reduce this by approximately 80%, such that these units would only contribute 370,000 m 3 of tidal prism to the Slough, an amount consistent with hydraulic geometry relationships and these units' planform area of 175 hectares (Philip Williams & Associates and others, 1995) .
METHODS
The method used to assess the impact of the restoration alternatives on the Slough's morphology consists of a hybrid approach which integrates a process-based hydrodynamic model with an empirical erosion rate relationship. The hydrodynamic model predicts water levels, current velocity and bed shear stress. The predicted bed shear stress is then combined with observations of recent erosion to develop an expression for erosion rate as a function of bed shear stress that can be applied across all alternatives and time periods. These two components are implemented iteratively. First the hydrodynamic model predicts flows for existing conditions. The bed shear stress from these predicted flows is then used to predict the erosion rate. This erosion rate is applied to the bed elevation and the hydrodynamic model is run again to determine the flow conditions with the new bathymetry.
HYDRODYNAMIC MODEL
Elkhorn Slough was modeled with DELFT3D, an integrated set of modules that simulate hydrodynamic flow (WL | Delft Hydraulics, 2003) . DELFT3D includes the capability to model key aspects of flows in the Slough, including unsteady tidal flows, flow through hydraulic structures, and drying and flooding of intertidal areas. The model employs a curvilinear flexible-mesh grid system, which enables the computation grid to fit to the variable bathymetry of Elkhorn Slough.
As implemented, the depth-averaged, two-dimensional DELFT3D model of the Slough contains over 68,000 active grid cells with a nominal grid cell size of 10 m. Model testing indicated that a 30 second time step was appropriate to obtain accurate and timely results. The open boundary, which is located 1 km offshore in Monterey Bay, was forced with observed water levels from NOAA's gauging station at Monterey (Station ID 9413450). The model was calibrated by adjusting the Chezy conveyance coefficient in the main channel. A value of 80 m 1/2 /s for all depths below the marshplain produced the best agreement between observations and predictions. To account for additional friction of vegetation on the marshplain, the Chezy coefficient at all bed elevations at or above the marshplain elevation were reduced to 40 m 1/2 /s, half the value of the main channel value. This magnitude of decrease in the Chezy coefficient is consistent with the corresponding Manning's n increase suggested by Chow (1959) for flow over vegetation.
Philip Williams & Associates (2007) provides additional details of the model setup and details of the model calibration and validation to two separate synoptic data sets. The calibration focused on comparing predicted and observed water levels and current speeds at multiple stations in the main Elkhorn Slough channel. Water levels were analyzed using time series comparisons, statistical correlations and tidal harmonic analysis at the four stations. During both the calibration and validation periods, the predicted water levels matched the observed water levels closely, with the correlation coefficients squared (r 2 ) greater than 0.98 for all observation stations. A typical comparison between observed and predicted water levels during the calibration period at Station S4 ( Figure 1 ) is shown in Figure 3a .
Predicted current speeds also matched closely with observed current speeds, with correlation coefficients squared (r 2 ) greater than 0.92 at all stations with observed depth averaged velocity records. A typical comparison between observed and predicted current speeds during the calibration period at Station S4 ( Figure 1 ) is shown in Figure  3b .
Bed shear stress measurements, in the form of turbulent Reynolds stresses, were collected at Station S5 (Figure 1 ). Although this data exhibit significant noise levels, the model predictions are of similar magnitude and capture the tidal variability seen in the field measurements of bed shear stress ( Figure 3c ). Differences between observed and predicted bed shear stress are mostly likely due to differences in local topography between the observation site and the model's grid cells.
The simulation period selected for evaluating the restoration alternatives coincides with the period used for model calibration. However, the alternative evaluation period was extended such that it spans an entire 28-day tidal month from April 5, 2003 to May 2, 2003. Since there was no rainfall during this period, freshwater inflows were negligible and therefore not included in the model. Building upon this conceptual model, the methodology developed and implemented for this study combines predictions of bed shear stress from the DELFT3D hydrodynamic model with an assessment of past erosion rates to predict future morphologic change. For each alternative, the developed methodology is applied to predict the change in bed elevation in the main Slough channel between Year 0 and Year 10. The geomorphic methodology yields predictions consistent with both the observed rates of total volumetric change and the observed spatial patterns of erosion.
The methodology for projecting future morphologic change relates bed shear stress and erosion rate. Bed shear stress, the independent variable, is determined from the hydrodynamic model results at. The erosion rate, the dependent variable, is determined from repeated observations of Slough depth. Once established, this erosion-shear stress relationship is applied to existing bed elevation data to predict future bed elevations. The erosion-shear stress relationship was calibrated by comparing the predicted annual erosion rate for the entire Slough against observed values. The components of this methodology are described in more detail below.
Bed shear stress, the independent parameter in the erosion rate relationship, was chosen as the hydrodynamic parameter since it represents the force per unit area exerted on the bed by the tidal currents. Hence, sufficient bed shear stress is a requirement for sediment erosion and it also correlates directly with tidal currents, the flows that transport and remove eroded sediment from the Slough. The simulation's peak bed shear stress was selected as representative of the tidally-oscillating bed shear stress. The peak bed shear stress value from each grid cell was then assembled into a spatial map for the entire Slough. In general, sediment erosion is correlated with bed shear stress that exceeds a given threshold or critical value. Since the main channel was not actively eroding prior to construction of the new harbor entrance, the peak bed shear stress under pre-harbor conditions was selected as the threshold above which sediment erosion occurs. The excess bed shear stress is defined by subtracting the pre-harbor peak bed shear stress from each alternative's peak bed shear stress. The pre-harbor model configuration is described in Section 2.3.
Tidal erosion rates, the dependent parameter in the erosion rate relationship, were derived from measurements of the bed elevation in 2001, 2003, and 2005 By combining the excess bed shear stress with the erosion rate, an empirical relationship can be derived. A plot of the observed tidal erosion rates versus the excess bed shear stress for each grid cell is shown in Figure 4 for Alternative 1 (No Action) at Year 0. The considerable scatter in this data is consistent with both the underlying complexity of cohesive sediment transport and the limited accuracy of making point measurements of change over short geomorphic timescales. Aggregating the point data into summary statistics, in the form of the median for 0.1 N/m 2 bins along the horizontal axis, suggests an erosion-shear stress relationship that is linearly increasing from the origin and then becomes constant for larger excess bed shear stress values. The constant erosion rate at larger excess bed shear stress values may be indicative of the armoring process at the Slough's mouth as fines are winnowed from the bed and the bed composition becomes sandier. The relationship suggested by the data was further refined by calibration to observed annual erosion rates, as described below.
Once the best estimate of the relationship between excess bed shear stress and erosion has been developed, it is used to alter the depth of each model grid cell. Grid cells within the main Slough channel are identified as those cells with depths greater than 1 m below mean lower low water (MLLW). The new depth is then calculated as the old depth plus the product of the erosion rate and the entire time period between the present year and future year under consideration (e.g., Year 10). Additionally, the new depth is constrained to not exceed 10 m. This depth constraint was selected on the assumption that the Slough's depth would not exceed the nominal value of the dredged depth maintained in Moss Landing Harbor.
Several variations of the erosion-shear stress relationship were tested on the existing bed elevation and with the existing excess bed shear stress. The predicted annual erosion rates for the entire Slough were then compared to the observed annual erosion rates (Sampey 2006) . After testing several different slopes for the linearly-increasing portion of the relationship, the relationship shown in Figure 4 was selected as it yields annual erosion rates of 98,000 m 3 /yr for the entire Slough. This rate falls in the middle of the observed range of erosion rates reported by several SFML studies, 56,000-120,000 m 3 /yr, as summarized in Sampey (2006) .
PRE-HARBOR MODEL CONFIGURATION
Before the 1947 construction of Moss Landing Harbor and the jettied inlet to Monterey Bay, Elkhorn Slough's main slough channel was not actively eroding (Philip Williams & Associates 1992). The historic ocean inlet, located in the same position as the proposed inlet of Alternative 2 (Figure 2 ), had experienced infilling between the late1800s and 1943 due to increases in local sediment delivery associated with large-scale land clearing and agricultural practices, creating a relatively stable, or non-erosional, Slough channel. Therefore, model simulations of pre-harbor (e.g. 1943) conditions provide a reference point to compare against the hydrodynamics of restoration alternatives. In addition to the use of the pre-harbor bed shear stress to calculate the excess bed shear stress associated with the proposed alternatives, as described in Section 2.2, the water levels and current velocities from the pre-harbor conditions serve as a basis for comparing the response of the proposed restoration alternatives.
In . The modeling indicates that the pre-harbor hydrodynamics are controlled by flow capacity at the inlet; therefore, an overstatement of the pre-harbor width in the upper two thirds of the Slough will likely have a relatively small impact on the overall hydrodynamics.
RESULTS
Results evaluating the restoration alternatives are presented at two instances in timeYear 0, when the alternatives are initially implemented, and Year 10, an interval sufficiently after implementation when the proposed restoration alternatives are expected to exhibit clear differences in hydrodynamic and morphologic response. First, the hydrodynamics at Year 0 are presented, including water levels, current speed, and bed shear stress. Model results from the pre-harbor conditions are included to provide a reference point for the alternatives. The annual erosion rate predicted from the Year 0 hydrodynamic conditions is presented next. By integrating this annual erosion rate at Year 0 and applying it to the Year 0 bathymetry, the Year 10 morphology is predicted. The Year 10 hydrodynamics and annual erosion rate are then generated from this Year 10 morphology.
HYDRODYNAMICS, YEAR 0
Water levels and current speeds are the key hydrodynamic response parameters to an alternative's physical configuration. Figure 5 presents curves summarizing model results of these two parameters for the four proposed alternatives. To create each curve on this plot, model results for the cross-sectional average current speed and water level were initially plotted at ten minute intervals for the entire 28-day simulation (not shown). These points clustered together in a region of water level-speed phase space. This region was then summarized by drawing its outer boundary, which are the curves shown in Figure 5 . The horizontal extent of these regions indicates peak current speeds while the vertical extent indicates the tidal range. These results are from the downstream cross section shown in Figure 1 .
The water level versus current speed curve for Alternative 1 (No Action) provides a baseline for comparison for the 'action' alternatives ( Figure 5 ). Across all alternatives, this alternative provides the upper bound on both water levels and velocity. Water levels at Year 0 range from -0.3 m to 1.9 m NAVD and current speed ranges from 0.75 m/s on ebb to 0.60 m/s on flood. In contrast to pre-harbor flood dominance, this alternative exhibits ebb dominance in the form of larger peak current speed on ebb tides.
With the largest reduction in tidal range and current speed, Alternative 2 (New Inlet) most closely approaches pre-harbor conditions. The proposed reconfiguration of the Slough's inlet limits tidal flow, thereby muting the tidal range inside the Slough. To encapsulate the tidally oscillating bed shear stress, time series of this parameter are split into flood and ebb and then binned into a cumulative distribution function of percent time exceeded, as shown in Figure 6 . Alternative 1 (No Action) and the preharbor conditions fall out as the upper and lower bound of these predicted bed shear stress curves. Bed shear stress for Alternative 2 (New Inlet) approaches pre-harbor conditions while Alternative 3 (Tidal Barrier) and Alternative 4 (Restore Tributary) lie midway between the extremes. These curves highlight the ebb dominance, particularly for Alternative 1, which exerts a peak bed shear stress on ebb tide nearly twice that of flood tide.
These bed shear stress curves facilitate comparison with limited observations of critical erosion shear stress. Sea Engineering Inc. extracted cores from an upstream and downstream location in the main Slough channel to evaluate the shear stress at which sediment was eroded from the cores (Sea Engineering Incorporated 2006) . Below an easily eroded surface layer, critical bed shear stress was observed to be 0.2 N/m 2 .
Predicted bed shear stress for Alternative 1 (No Action) exceeds this critical value for 5% of flood tides and 10% of ebb tides. In contrast, for pre-harbor conditions, predicted bed shear stress exceeds the critical value less for than 2% of the flood tides and not at all on ebb tides. This difference is consistent with a stable, or non-eroding, morphology for pre-harbor conditions and active tidal erosion for existing conditions.
At all times, the Alternative 2 (New Inlet) bed shear stress does not exceed the critical bed shear stress for erosion of 0.2 N/m 2 . The factor of two decrease in bed shear stress due to Alternative 3 (Tidal Barrier) and Alternative 4 (Restore Tributary) reduces the time these alternatives exceed the critical bed shear stress to approximately 5% on ebb tides and to less than 2% on flood tides.
MORPHOLOGIC CHANGE BETWEEN YEAR 0 AND YEAR 10
Hydrodynamic output from Alternative 1 (No Action) was used to predict annual erosion rates in the Slough at Year 10, as described in Section 2.2. Between Year 0 and Year 10, the projected annual erosion rate for the entire Slough is 98,000 m 3 /yr. Since this erosion occurs in the main channel, the spatial distribution of the change can be depicted graphically by plotting the Slough's thalweg depth as a function of distance from the Slough mouth, as shown in Figure 7 . 
DISCUSSION
The hybrid approach combining a hydrodynamic model and empirical erosion rate relationship provides insight into the long-term trend of Slough morphology in response to the restoration alternatives. Since the Alternative 1 (No Action), Year 10 current speeds and bed shear stress remain closer in magnitude to the Alternative 3 (Tidal Barrier) and Alternative 4 (Restore Tributary) currents speeds at Year 0, erosion is likely to continue under Alternative 1 beyond Year 10. Alternative 3 (Tidal Barrier) and Alternative 4 (Restore Tributary) mitigate tidal flow and hence the rate of erosion. After ten years, these two alternatives demonstrate a smaller relative change in hydrodynamics as compared to Alternative 1 (Figure 8c and d) , suggesting that they are approaching a morphology which no longer generates further erosion. In contrast, recreating historic (e.g. 1943) conditions with a new inlet, Alternative 2, suggests a stable morphologic and hydrodynamic balance across a ten-year period.
Developing morphological predictions is recognized as a relatively new applied science with a high degree of uncertainty given the number and complexity of the processes involved (Wilcock and Iverson 2003) . The sediment transport processes which influence geomorphic change are complex and dynamic, spanning scales from submillimeter sediment grains to kilometers of slough circulation. Additionally, episodic events such as subsidence from earthquakes and extreme flood events play a role that is difficult to predict. In future studies, a more detailed understanding of Elkhorn Slough sediment dynamics might be obtained by incorporating a sediment transport module within the hydrodynamic modeling analysis. In addition, this approach could be further complemented with a model that fully integrates sediment dynamics and hydrodynamics to explicitly model long-term morphological change (Lesser and others 2004) . However, both approaches would require significantly more resources compared with the present methodology, particularly in the form of field data collection, sediment parameters and computational expense. The benefit of applying such an approach may not outweigh the investment of limited resources. When these approaches have been applied to other estuarine modeling problems, uncertainties with respect to the model predictions of long-term geomorphic change remain substantial (EMPHASYS Consortium 2000; Gelfenbaum and others 2004; Haigh and others 2005; Lesser and others 2004) .
The primary limitation of the approach is the reliance on erosion rate data in the form of multiple, recent bathymetric surveys. It assumes that erosion rate as a function of bed shear stress is constant with time, which does not account for changes in sediment or bed properties with time or depth of erosion. This approach also does not account for changes in sediment transport dynamics which may occur in conjunction with the changes to the hydrodynamics. Two examples of sediment transport processes not included are the feedback between bed elevation, flows and sediment, as well as the potential change from ebb to flood dominance. In addition, because this approach relies on empirical data specific to Elkhorn Slough, it is not necessarily applicable to other systems.
Extreme storm events and the associated runoff were not evaluated as part of this study. Ongoing, daily tidal exchange, rather than extreme events, is assumed to control longterm morphologic change.
In spite of these limitations, the methodology has several advantages. It incorporates hydraulic variability into the geomorphic projections, and because of its simplicity, it is relatively easy to apply with a low overall computational cost. The methodology was used to assess past geomorphic change, and the geomorphic response was consistent with both the observed rates of total volumetric change and the observed spatial patterns of erosion. As such, the methodology is sufficient to project differences in the geomorphic response to the proposed restoration alternatives. Although substantial uncertainty with respect to the projections would still exist, the relative differences in geomorphic response still provide a meaningful basis for comparing the proposed restoration alternatives. In addition to the hydrodynamic and morphologic considerations reported here, other aspects of each alternative's feasibility, such as cost, public support, biologic impact and uncertainty, need to be considered in selecting an alternative for implementation.
CONCLUSIONS
A hydrodynamic model coupled with an empirical erosion rate-bed shear stress relationship is used to evaluate four proposed restoration alternatives in Elkhorn Slough. The calibrated and validated hydrodynamic model demonstrates excellent agreement with observed water levels and depth-averaged current speeds, as well as fair agreement with one instance of observed bed shear stress. The point by point erosion rate relationship between predicted bed shear stress and observed erosion rates exhibits substantial scatter. However, binned medians of these data indicate an empirical relationship that, when applied to existing conditions, predicts total annual erosion and spatial erosion patterns which are consistent with observed erosion rates.
If no action is taken to alter existing conditions (Alternative 1), the Slough is projected to deepen by up to 2 m over ten years. The decrease in current speed and bed shear stress corresponding to the deeper ten-year bathymetry will reduce, but not halt, the long-term erosional trend. Alternative 2 (New Inlet) reduces tidal range and currents by almost a factor of two and yields a flood-dominant system. Predicted morphologic changes over ten years for Alternative 2 are small and have negligible impact on the Year 10 hydrodynamics, suggesting that this alternative may minimize further channel erosion. Alternative 3 (Tidal Barrier) and Alternative 4 (Restore Tributary) both reduce current speed and bed shear stress as compared to Alternative 1. However, bed shear stress remains sufficiently large that the channel depth is projected to deepen by up to 1 m over ten years. Hydrodynamic modeling based on the Year 10 bathymetry indicates that while erosion is expected to slow after ten years, it may not stop with the implementation of either Alternative 3 or Alternative 4. Alternative 3 also reduces peak water levels which may be beneficial for marshplain vegetation. 
